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source to enable the differential pair outputting a stable output
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1
FIXED VOLTAGE GENERATING CIRCUIT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation-in-part application of
U.S. patent application Ser. No. 13/865,205 filed on Apr. 18,
2013.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention 1s related to a fixed voltage generating cir-
cuit, and more particularly, to a fixed voltage generating cir-
cuit fabricated using a GaAs (GALLIUM ARSENIDE) pro-
CEeSS.

2. Description of the Prior Art

An RF power amplifier fabricated using a GaAs process
has good performance and high efficiency, specifically, the
RF power amplifier 1s less prone to signal distortion and has
a lower noise to signal ratio, lower power consumption,
higher gain, and smaller size. Thus the RF power amplifier
gains advantages ol shrinking sizes, increasing eificiency,
and lowering power consumption of electronic components,
and 1s suitable for use in mobile phones and various of com-
munication devices.

In order that the RF power amplifier fabricated using a
(GaAs process can function normally under a wide mput volt-
age range, a lixed voltage generated by a fixed voltage gen-
erating circuit 1s provided for operations of the RF power
amplifier to ensure the RF power amplifier can function nor-
mally.

However the fixed voltage generating circuit 1s usually
fabricated using a CMOS (complementary metal-oxide-
semiconductor) process, which includes PMOS (P-type
metal-oxide-semiconductor) that 1s not adoptable 1n GaAs
process. Thus the fixed voltage generating circuit cannot be
integrated and fabricated in the same GaAs process when
tabricating the RF power amplifier. Instead, an additional
CMOS process 1s needed for fabricating the fixed voltage
generating circuit to provide the fixed voltage to the RF power
amplifier, thereby increasing area consumption and lowering
integration level of related circuit blocks.

SUMMARY OF THE INVENTION

One embodiment of the present mnvention discloses a fixed
voltage generating circuit. The fixed voltage generating cir-
cuit comprises a first resistor, a {irst transistor, a second tran-
sistor, a third transistor, a fourth transistor, a second resistor,
and a third resistor. The first resistor has a first end and a
second end. The second end of the first resistor 1s coupled to
a voltage source. The first transistor has a control end, a first
end, and a second end. The control end of the first transistor 1s
coupled to the first end of the first resistor, the first end of the
first transistor 1s coupled to a ground node, and the second end
of the first transistor 1s coupled to the control end of the first
transistor. The second transistor has a control end, a first end,
and a second end. The control end of the second transistor 1s
coupled to the control end of the first transistor, and the first
end of the second transistor 1s coupled to the ground node.
The third transistor has a control end, a first end, and a second
end. The control end of the third transistor 1s for receiving a
first differential voltage, and the first end of the third transistor
1s coupled to the second end of the second transistor. The
fourth transistor has a control end, a first end, and a second
end. The control end of the fourth transistor 1s for receiving a
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second differential voltage, and the first end of the fourth
transistor 1s coupled to the second end of the second transis-
tor. The second resistor has a first end and a second end. The
first end of the second resistor 1s coupled to the second end of
the third transistor, and the second end of the second resistor
1s coupled to the voltage source. The third resistor has a first
end and a second end. The first end of the third resistor is
coupled to the second end of the fourth transistor, and the
second end of the third resistor 1s coupled to the voltage
source. Also, the resistance of the second resistor and the
resistance of the third resistor are related to the resistance of
the first resistor.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill 1n the art after
reading the following detailed description of the preferred
embodiment that 1s illustrated 1n the various figures and draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 to 5 and 8 to 10 show fixed voltage generating
circuits according to embodiments of the present invention.

FIG. 6 1llustrates how a diode 1s formed by a field efifect
transistor.

FIG. 7 illustrates how a diode 1s formed by a bipolar junc-
tion transistor.

DETAILED DESCRIPTION

Please refer to FIG. 1 which shows a fixed voltage gener-
ating circuit 100 according to an embodiment of the present
invention. The fixed voltage generating circuit 100 includes a
first resistor 102, a second resistor 104, a third resistor 106, a
first transistor 108, a second transistor 110, a third transistor
112, and a fourth transistor 114. The first resistor 102 has a
first end and a second end. The second end of the first resistor
102 1s coupled to a voltage source VDD. The first transistor
108 has a control end, a first end, and a second end. The
control end of the first transistor 108 1s coupled to the first end
of the first resistor 102, the first end of the first transistor 108
1s coupled to a ground node, and the second end of the first
transistor 108 1s coupled to the control end of the first tran-
sistor 108. The second transistor 110 has a control end, a first
end, and a second end. The control end of the second transis-
tor 110 1s coupled to the control end of the first transistor 108
and the first end of the second transistor 110 1s coupled to the
ground node. The third transistor 112 has a control end, a first
end, and a second end. The control end of the third transistor
112 1s for recerving a first differential voltage and the first end
of the third transistor 112 1s coupled to the second end of the
second transistor 110. The fourth transistor 114 has a control
end, a first end, and a second end. The control end of the
fourth transistor 114 1s for receiving a second differential
voltage and the first end of the fourth transistor 114 1s coupled
to the second end of the second transistor 110. The second
resistor 104 has a first end and a second end. The first end of
the second resistor 104 1s coupled to the second end of the
third transistor 112 and the second end of the second resistor
104 15 coupled to the voltage source VDD. The third resistor
106 has a first end and a second end. The first end of the third
resistor 106 1s coupled to the second end of the fourth tran-
sistor 114 and the second end of the third resistor 106 1s
coupled to the voltage source VDD. The resistance ratio of the
first resistor 102, the second resistor 104, and the third resistor
106 1s substantially equal to 1:2:2, and the resistance of the
second resistor 104 and the resistance of the third resistor 106
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are substantially equal. The size ratio of the first transistor 108
and the second transistor 110 1s equal to 1:1.

In FIG. 1, a bias voltage 1s generated at the control end of
the first transistor 108 from the voltage source VDD via the
first resistor 102. The first transistor 108 and the second
transistor 110 form a current mirror, namely, a mirrored cur-
rent source. A bias current I, corresponding to a current flow-
ing through the first transistor 108, 1s generated at the second
end of the second transistor 110 according to a bias voltage at
the control end of the second transistor 110. The bias voltage
at the control end of the second transistor 110 1s biased by the
bias voltage at the control end of the first transistor 108. The
bias current I can be derived by calculating the current flow-
ing through the first transistor 108, as in Formula (1):

L VDD -V,
- R1

Formula (1)

In Formula (1), V,, 1s the threshold voltage of the first
transistor 108 and R1 1s the resistance of the first resistor 102.
The bias current I flows through a differential pair formed by
the third transistor 112, the fourth transistor 114, the second
resistor 104, and the third resistor 106. A current flowing
through the right side of the differential pair, including the
fourth transistor 114 and the third resistor 106, 1s halt the bias
current 1 because components in the right side and compo-
nents 1n the ledt side of the differential pair are substantially
symmetrical. The differential pair 1s coupled to the voltage
source VDD and thus an output voltage VD 1s generated at the
second end of the fourth transistor 114, as in Formula (2):

! Formula (2)
VD =VDD - > X R3 =

— ¥l

VD
VDD — [ X Rel = VDD — o X

Rel

In Formula (2), R3 1s the resistance of the third resistor 106,
and Rel 1s the equivalent resistance of the second resistor 104
and the third resistor 106. Because of the symmetrical struc-
ture of the differential pair, Rel 1s equal to a resistance of the
second resistor 104 and the third resistor 106 in parallel. Also,
the resistance of the second resistor 104 and the resistance of
the third resistor 106 are substantially equal; therefore,

Rel = —.

In this embodiment, the resistance ratio of the first resistor
102, the second resistor 104 and the third resistor 106 1s 1:2:2,
which means Rel=R 1. Consequently, the output voltage VD
1s equal to V,, the threshold voltage of the first transistor 108
according to Formula (2).

According to Formula (1), when the voltage source VDD
varies, the bias current I flowing through the differential pair
changes accordingly as in Formula (3). In Formula (3), dVDD
represents a voltage variation of the voltage source VDD, and
dI represents a current variation of the bias current 1. At the
same time, the output voltage VD at the second end of the
tourth transistor 114 will also change as in Formula (4). In
Formula (4), dVD represents a voltage variation of the output
voltage VD). In Formula (4), it R1=Rel, that 1s, the resistance
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ol the first resistor 102 1s substantially equal to the equivalent
resistance Rel of the second resistor 104 and the third resistor
106, then the voltage variation dVD of the output voltage VD
1s substantially equal to zero, namely, the output voltage VD
1s kept fixed and does not change with the voltage variation

dVDD of the voltage source VDD.

B dVDD Formula (3)

dli
R1

Formula {(4)

di
chD:r:fVDD—TxRB:

d VDD
dVDD —dIxXRel =dVDD — 2T X Rel

As1llustrated above, 1n FIG. 1, the fixed voltage generating
circuit 100 1s capable of generating a stable output voltage VD
so that the fixed voltage generating circuit 100 1s able to work
under a wide range of input voltages. In the prior art, the
second resistor 104 and the third resistor 106 are replaced
with PMOSs 1n CMOS process. The PMOSs are not adopt-
able 1n GaAs process, thus the prior art circuit structure used
in CMOS process becomes impractical for GaAs process.
However by adjusting a resistance ratio of multiple resistors
and implementing a circuit structure of connecting resistors
to the voltage source VDD, as described 1n the embodiment of
the present mnvention, the fixed output voltage VD can be
generated from a GaAs circuit without the need of integrating
a CMOS circuit, so as to reduce area consumption and to
enhance integration level of related circuit blocks.

Furthermore, 1n FIG. 1, the size ratio of the first transistor
108 and the second transistor 110 can be changed from 1:1 to
1:N, where N 1s a positive integer. In this case, 1f the equiva-
lent resistance Rel of the second resistor 104 and the third
resistor 106 1s equal to the resistance R1 of the first resistor

102 divided by N, that 1s, 1if

R1
Rel = —,
N

then the output voltage VD will remain fixed and will not
change with the voltage variation dVDD of the voltage source
VDD. Furthermore, the decrement of the equivalent resis-
tance Rel can reduce the area consumption of the circuit. In
one embodiment, N 1s equal to 2 so that the resistance of the
first resistor 102, the resistance of the second resistor 104, and
the resistance of the third resistor 106 are all substantially
equal to each other. The inaccuracy caused by manufacturing
variations can thus be reduced due to the same size of each of
the resistors 102, 104 and 106.

In FIG. 1, the size ratio of the first transistor 108 and the
second transistor 110 can be changed from 1:1 to N:1, where
N 1s a positive integer. In this case, 11 the equivalent resistance
Rel of the second resistor 104 and the third resistor 106 1s
equal to the resistance R1 of the first resistor multiplied by N,
that 1s, 1f Re1=N*R1, then the output voltage VD will still be
fixed and will not change with the voltage variation dVDD of
the voltage source VDD. Furthermore, the increment of the
equivalent resistance Rel can reduce current consumption.

Please refer to FIG. 2 which shows a fixed voltage gener-
ating circuit 200 according to another embodiment of the
present mvention. The fixed voltage generating circuit 200
includes all components of the fixed voltage generating cir-
cuit 100 and further includes a fourth resistor 202. The second
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resistor 104 and the third resistor 106 of FIG. 2 are not
coupled directly to the voltage source VDD but are coupled to
the voltage source VDD via the fourth resistor 202. The fourth
resistor 202 has a first end and a second end. The first end of
the fourth resistor 202 1s coupled to the second end of the
second resistor 104 and the second end of the third resistor
106. The second end of the fourth resistor 202 1s coupled to
the voltage source VDD. The equivalent resistance of the
second resistor 104, the third resistor 106, and the fourth
resistor 202 1s substantially equal to the resistance of the first
resistor 102. The resistance of the second resistor 104 and the
resistance of the third resistor 106 are substantially equal.

The same principle of Formula (1) and Formula (3) may be
applied 1n FIG. 2. The bias current I flows through the fourth
resistor 202 and the differential pair formed by the third
transistor 112, the fourth transistor 114, the second resistor
104, and the third resistor 106. A current flowing through the
right side of the differential pair, including the fourth transis-
tor 114 and the third resistor 106, 1s half the bias current I
because components in the right side and components 1n the
left side of the differential pair are substantially symmetrical.
The fourth resistor 202 1s coupled to the voltage source VDD
thus the output voltage VD 1s generated at the second end of
the fourth transistor 114, as 1n Formula (5):

! Formula (5)
VD =VDD - XR4 - EXRB =

VDD -V,

o X Re?

VDD — [ X Re2 = VDD —

In Formula (5), R3 1s the resistance of the third resistor 106,
R4 1s the resistance of the fourth resistor 202, and Re2 1s the
equivalent resistance of the second resistor 104, the third
resistor 106, and the fourth resistor 202. Since the differential
pair 1s a symmetric structure, the equivalent resistance of the
second resistor 104 and the third resistor 106 1s equal to the
resistance of the second resistor 104 and the third resistor 106
in parallel. Re2 1s equal to the resistance of the second resistor
104 and the third resistor 106 1n parallel plus the resistance of
the fourth resistor 202. The resistance of the second resistor
104 and the resistance of the third resistor 106 are substan-
tially equal. Thus

R3

Re2 = — + R4.
€ 2+

In this embodiment, Re2 1s equal to R1 so that the output
voltage VD 1s equal to V,,, the threshold voltage of the first
transistor 108, according to Formula (3).

When the voltage source VDD varies, the bias current I
flowing through the differential pair changes accordingly as
in Formula (3). At the same time, the output Voltage VD atthe
second end of the fourth transistor 114 will also change as 1n
Formula (6). In Formula (6), dVD represents a voltage varia-
tion of the output voltage VD. In Formula (6), 11 R1=Re2, that
1s, the resistance of the first resistor 102 1s substantially equal
to the equivalent resistance Re2 of the second resistor 104, the
third resistor 106, and the fourth resistor 202, the voltage
variation dVD of the output voltage VD 1s substantially equal
to zero, namely, the output voltage VD 1s fixed and does not
change with the voltage variation dVDD of the voltage source

VDD.
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dl Formula {(6)
AdVD =dVDD —dIX R4 — = X R3 =

d VDD
R1

dVDD —dIxRe2 =dVDD — X Re?

As 1llustrated above, in FI1G. 2, the fixed voltage generating
circuit 200 1s capable of generating a stable output voltage
VD, which doesn’t change with the voltage source VDD, and
thus can work properly under a wide range of input voltages

by using a GaAs process and without the need of integrating
CMOS circuits.

Please refer to FIG. 3 which shows a fixed voltage gener-
ating circuit 300 according to another embodiment of the
present mvention. The fixed voltage generating circuit 300

includes all components of the fixed voltage generating cir-
cuit 200 and further includes a fifth resistor 302 coupled
between the first end of the third transistor 112 and the second
end of the second transistor 110, and a sixth resistor 304
coupled between the first end of the fourth transistor 114 and
the second end of the second transistor 110. The fifth resistor
302 and the sixth resistor 304 are emitter degeneration resis-
tors used to provide negative feedbacks, to increase the input
impedance of the differential pair, and to widen the mput
voltage range of the differential parir.

In FIG. 3, the bias current I flows through the fourth resistor
202, the differential pair, the fifth resistor 302, and the sixth
resistor 304. A current flowing through the right side of the
differential pair 1s half the bias current I as the resistance of
the second resistor 104 equals to the resistance of the third
resistor 106 and the resistance of the fifth resistor 302 equals
to the resistance of the sixth resistor 304. The same principle
of Formula (1), (3), (5), and (6) can be applied 1n FIG. 3. As
long as R1=Re2, that is, the resistance of the first resistor 102
1s substantially equal to the equivalent resistance Re2 of the
second resistor 104, the third resistor 106, and the fourth
resistor 202, the voltage variation dVD of the output voltage
VD 1s substantially equal to zero, namely, the output voltage
VD 1s fixed and does not change with the voltage variation
dVDD of the voltage source VDD.

Please refer to F1G. 4 which shows a fixed voltage gener-
ating circuit 400 according to another embodiment of the
present mvention. The fixed voltage generating circuit 400
includes all components of the fixed voltage generating cir-
cuit 100 and further includes a fifth resistor 302 coupled
between the first end of the third transistor 112 and the second
end of the second transistor 110, and a sixth resistor 304
coupled between the first end of the fourth transistor 114 and
the second end of the second transistor 110.

In FIG. 4, the bias current I flows through the differential
pair, the fifth resistor 302, and the sixth resistor 304. A current
flowing through the right side of the differential pair 1s half the
bias current I. The same principles of Formula (1) to (4) can
be appliedin FIG. 4. Aslong as R1=Rel, that 1s, the resistance
ol the first resistor 102 1s substantially equal to the equivalent
resistance Rel of the second resistor 104 and the third resistor
106, the voltage vanation dVD of the output voltage VD 1s
substantially equal to zero, namely, the output voltage VD 1s
fixed and does not change with the voltage variation dVDD of
the voltage source VDD.

Please refer to FIG. 5 which shows a fixed voltage gener-
ating circuit 500 according to another embodiment of the
present mvention. The fixed voltage generating circuit 500
includes all components of the fixed voltage generating cir-
cuit 100 and further includes n diodes 520 where n 1s a
positive mteger. The n diodes 520 are all forward biased and
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are 1n series with the first resistor 102. That 1s, for each diode
520, 1ts anode voltage 1s higher than 1ts cathode voltage. In
FIG. 5, diodes 520 are disposed between the voltage source
VDD and the first resistor 102. In another embodiment, the
first resistor 102 can be disposed between the voltage source
VDD and the n diodes 520. In yet another embodiment, the
first resistor 102 can be disposed between any two of the
diodes 520. Furthermore, the first resistor 102 can be formed
by a plurality of resistors distributed anywhere between the
voltage source VDD and the control end of the first transistor
108 where the equivalent resistance of the plurality of resis-
tors equals to the resistance of the first resistor 102. However,
this invention 1s not limited to the aforesaid embodiments.
In one embodiment, the diodes 520 could be junction
diodes, field effect transistors, or bipolar junction transistors.

Please reter to FIG. 6 which illustrates how a field eftect

{
VD:VDD—EXRB:VDD—IXREI:VDD—

transistor 60 forms the diode 520. The field effect transistor
60 has a control end 60A, a first end 60B, and a second end
60C. In one embodiment, the field effect transistor 60 1s an
N-type field effect transistor where the control end 60A
coupled to the first end 60B functions as the anode of the
diode 520, and the second end 60C functions as the cathode of
the diode 520. In another embodiment, the field effect tran-
sistor 60 15 a P-type field effect transistor where the control
end 60A coupled to the second end 60B functions as the
cathode of the diode 520, and the second end 60C functions as
the anode of the diode 520. Please refer to FIG. 7 which
illustrates how a bipolar junction transistor 70 forms the diode
520. The bipolar junction transistor 70 has a control end 70A,
a first end 70B and a second end 70C. In one embodiment, the
bipolar junction transistor 70 1s a PNP-type bipolar junction
transistor where the control end 70A coupled to the first end
70B functions as the cathode of the diode 520, and the second
end 70C functions as the anode of the diode 520. In another
embodiment, the bipolar junction transistor 70 1s an NPN-
type bipolar junction transistor where the control end 70A
coupled to the second end 70B functions as the anode of the

diode 520, and the second end 70C functions as the cathode of
the diode 520.

The difference between the fixed voltage generating circuit
500 and the fixed voltage generating circuit 100 1s that the
control end of the first transistor 108 1s biased from the volt-
age source VDD via the first resistor 102 and the n diodes 520
according to the fixed voltage generating circuit 500. Since
the first transistor 108 and the second transistor 110 forma
current mirror, the bias current I 1s generated according to the
bias voltage at the control end of the second transistor 110.
The bias voltage at the control end of the second transistor
110 1s biased by the bias voltage at the control end of the first
transistor 108. The bias current I can be derived by calculating
the current flowing through the first transistor 108, as in

Formula (7):

n Formula (7)
VDD -V, — Z Vi
k=1

[ =
R1
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3
In Formula (7), V,, 1s the threshold voltage of the first

transistor 108 and V ,,, is the turn-on voltage of the k”* diode
520. The bias current I flows through the differential pair
composed of the third transistor 112, the fourth transistor 114,
the second resistor 104, and the third resistor 106. A current
flowing through the right side of the differential pair, includ-
ing the fourth transistor 114 and the third resistor 106, 1s half

the bias current I because components 1n the right side and

components in the left side of the differential pair are sub-

stantially symmetrical. The differential pair 1s coupled to the
voltage source VDD and thus the output voltage VD 1s gen-

erated at the second end of the fourth transistor 114, as in
Formula (8).

] Formula (8)

[VDD _V, — Z Vi

k=1

Rel
R X Ke

In Formula (8), Rel 1s the equivalent resistance of the
second resistor 104 and the third resistor 106, which 1s the
same as stated 1n Formula (2). Since the right side and the left
side of the differential pair are symmetrical, Rel 1s equal to
the resistance of the second resistor 104 and the third resistor
106 1n parallel. Also, the resistance of the second resistor 104
and the resistance of the third resistor 106 are substantially
equal, therefore,

RI—R3
el = —-.

In this embodiment, the resistance ratio of the first resistor
102, the second resistor 104 and the third resistor 106 1s 1:2:2,

which means Rel=R1. Consequently, the output voltage VD
1s equal to

Vil + Z Vi
k=1

according to Formula (8), that i1s, the value of the output

voltage VD can be adjusted by changing the number of the
diodes 520.

According to Formula (7), when the voltage source VDD
varies, the bias current I flowing through the differential pair
changes accordingly as in Formula (9). In Formula (9), dVDD
represents a voltage variation of the voltage source VDD, and
dI represents a current variation of the bias current I. At the
same time, the output voltage VD at the second end of the
fourth transistor 114 will also be changed as 1n Formula (10).
In Formula (10), dVD represents a voltage variation of the
output voltage VD. In Formula (10), 11 R1=Rel, then the
voltage variation dVD of the output voltage VD 1s substan-
tially equal to zero, namely, the output voltage VD remains
fixed and does not change with the voltage variation dVDD of
the voltage source VDD.
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dVDD

di =
R1

dli dvVDD
dVD =dVDD — TXRB =dVDD —dIXRel =dVDD — 2 X Rel

As illustrated above, in F1G. 5, the fixed voltage generating
circuit 500 1s capable of generating a stable output voltage VD
by adjusting the number of the diodes and the resistance ratio
of the multiple resistors, therefore, the fixed voltage generat-
ing circuit 500 can use a GaAs process without the need of
integrating a CMOS process. Also, the value of the output
voltage VD can be adjusted according to system requirements
by changing the number of the diodes.

Please refer to FI1G. 8 which shows a fixed voltage gener-
ating circuit 800 according to another embodiment of the
present mvention. The fixed voltage generating circuit 800
includes all components of the fixed voltage generating cir-
cuit 200 and further includes n diodes 520 where n 1s a
positive mteger. The n diodes 520 are all forward biased and
are 1n series with the first resistor 102. That 1s, for each diode
520, its anode voltage 1s higher than 1ts cathode voltage.

The fixed voltage generating circuit 800 1in FIG. 8 has the
same operation principle as the fixed voltage generating cir-
cuit 200 1n FIG. 2 and the difference between these two 1s that
the bias current I 1n FIG. 8 1s as 1n Formula (7), instead of
Formula (2). In FIG. 8, the bias current I flows through the
fourth resistor 202 and the differential pair composed of the
third transistor 112, the fourth transistor 114, the second
resistor 104, and the third resistor 106. A current flowing
through the right side of the differential pair, including the
fourth transistor 114 and the third resistor 106, 1s half the bias
current 1 because components in the right side and compo-
nents 1n the left side of the differential pair are substantially
symmetrical. The output voltage VD 1s thus generated at the
second end of the fourth transistor 114, as in Formula (11):

I -
VD = VDD — IXR4 — — X R3 = VDD — I X Re2 = VDD — k=1
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Re2 1s the equivalent resistance of the second resistor 104,
the third resistor 106, and the fourth resistor 202. Since the
differential pair 1s a symmetric structure, the equivalent resis-
tance of the second resistor 104 and the third resistor 106 1s
equal to the resistance of the second resistor 104 and the third
resistor 106 1n parallel. Re2 1s equal to the resistance of the
second resistor 104 and the third resistor 106 1n parallel plus
the resistance of the fourth resistor 202. The resistance of the
second resistor 104 and the resistance of the third resistor 106
are substantially equal. Thus

R3
Re? = 7 + R4.

According to Formula (11), the output voltage VD 1s

Vi + Z Vi
=1

while Re2 1s equal to R1.
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Formula (9)

Formula (10)

According to Formula (7), when the voltage source VDD
varies, the bias current I flowing through the differential pair
changes accordingly as 1n Formula (9). At the same time, the
output voltage VD at the second end of the fourth transistor
114 will also be changed as 1n Formula (12). In Formula (12),
dVD represents a voltage variation of the output voltage VD.
In Formula (12), 11 R1=Re2, then the voltage variation dVD of
the output voltage VD 1s substantially equal to zero, namely,
the output voltage VD remains fixed and does not change with
the voltage variation dVDD of the voltage source VDD.

dl Formula (12)
AVD =dVDD —dI X R4 — 5 X R3 =

d VDD

2 X Re?

AdVDD —dIxXRe2 =dVDD —

As 1llustrated above, in FIG. 8, the fixed voltage generating
circuit 800 1s capable of generating a stable output voltage VD
by adjusting the number of the diodes and the resistance ratio
of the multiple resistors, therefore, the fixed voltage generat-
ing circuit 800 can use a GaAs process without the need of
integrating a CMOS process. Also, the value of the output
voltage VD can be adjusted according to system requirements
by changing the number of the diodes.

Please refer to FIG. 9 which shows a fixed voltage gener-
ating circuit 900 according to another embodiment of the
present mvention. The fixed voltage generating circuit 900
includes all components of the fixed voltage generating cir-

Formula (11)

X Re?

cuit 300 and further includes n diodes 520 where n 1s a
positive integer. The n diodes 520 are all forward biased and
are 1n series with the first resistor 102. That 1s, for each diode
520, its anode voltage 1s higher than 1ts cathode voltage.
The bias current I 1n FI1G. 9 flows through the fourth resistor
202, the differential pair, the fifth resistor 302, and the sixth
resistor 304. A current flowing through the right side of the
differential pair 1s half the bias current I as the resistance of
the second resistor 104 equals to the resistance of the third
resistor 106 and the resistance of the fifth resistor 302 equals
to the resistance of the sixth resistor 304. The same principle
of Formula (7), (9), (11),and (12) can be applied n FI1G. 9. As
long as R1=Re2, that 1s, the resistance of the first resistor 102
1s substantially equal to the equivalent resistance Re2 of the
second resistor 104, the third resistor 106, and the fourth
resistor 202, the voltage vaniation dVD of the output voltage
VD 1s substantially equal to zero, namely, the output voltage
VD remains fixed and does not change with the voltage varia-
tion dVDD of the voltage source VDD. Also, the value of the
output voltage VD can be adjusted by changing the number of

the diodes 520.
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Please refer to FIG. 10 which 1s a schematic 1llustrating a
fixed voltage generating circuit 1000 according to an embodi-
ment of the present invention. The fixed voltage generating
circuit 1000 includes all components of the fixed voltage
generating circuit 400 and further includes n diodes 520,
where n 1s a positive integer. The n diodes 520 are all forward
biased and are 1n series with the first resistor 102. That 1s, for
cach diode 520, 1ts anode voltage 1s higher than 1ts cathode
voltage.

The bias current I 1n FIG. 10 flows through the differential
pair, the fifth resistor 302, and the sixth resistor 304. A current
flowing through the right side of the differential pair 1s half the
bias current I as the resistance of the fifth resistor 302 equals
to the resistance of the sixth resistor 304. The same principles
of Formula (7) to (10) may be applied in FIG. 10. As long as
R1=Rel, that 1s, the resistance of the first resistor 102 1s
substantially equal to the equivalent resistance Rel of the
second resistor 104 and the third resistor, the voltage varation
dVD of the output voltage VD 1s substantially equal to zero,
namely, the output voltage VD remains fixed and does not
change with the voltage variation dVDD of the voltage source
VDD. Also, the value of the output voltage VD can be
adjusted by changing the number of the diodes 520.

Furthermore, the diodes 3520 in FIG. 8~10 are disposed
between the voltage source VDD and the first resistor 102. In
another embodiment, the first resistor 102 can be disposed
between the voltage source VDD and the n diodes 520. In yet
another embodiment, the first resistor 102 can be disposed
between any two of the diodes 520. Furthermore, the first
resistor 102 can be formed by a plurality of resistors distrib-
uted anywhere between the voltage source VDD and the
control end of the first transistor 108 where the equivalent
resistance of the plurality of resistors equal to the resistance of
the first resistor 102. However, this invention 1s not limited to
the aforesaid embodiments.

In summary, the present invention discloses fixed voltage
generating circuits that are capable of generating a stable
output voltage so that the fixed voltage generating circuits are
able to work under a wide range of mput voltages. Also, the
output voltage can be adjusted according to system require-
ments by changing the number of the diodes. Since the pro-
posed fixed voltage generating circuits are able to output a
stable voltage by adjusting the number of diodes and the
resistance ratio of multiple resistors, the proposed fixed volt-
age generating circuits can use a GaAs process without the
need of mtegrating a CMOS process so as to reduce area
consumption and to enhance 1ntegration level of related cir-
cuit blocks.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the mvention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What 1s claimed 1s:

1. A fixed voltage generating circuit comprising:

a first resistor having a first end and a second end, the
second end of the first resistor being coupled to a voltage
source;

a lirst transistor having a first end, a second end, and a
control end, the control end of the first transistor being
coupled to the first end of the first resistor, the first end of
the first transistor being coupled to a ground node, and
the second end of the first transistor being coupled to the
control end of the first transistor:;

a second transistor having a first end, a second end, and a
control end, the control end of the second transistor
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being coupled to the control end of the first transistor,
and the first end of the second transistor being coupled to
the ground node;

a third transistor having a first end, a second end, and a
control end, the control end of the third transistor being
configured to recerve a first differential voltage, and the
first end of the third transistor being coupled to the
second end of the second transistor:

a fourth transistor having a first end, a second end, and a
control end, the control end of the fourth transistor being
configured to recerve a second differential voltage, and
the first end of the fourth transistor being coupled to the
second end of the second transistor;

a second resistor having a first end and a second end, the
first end of the second resistor being coupled to the
second end of the third transistor, and the second end of
the second resistor being coupled to the voltage source;
and

a third resistor having a first end and a second end, the first
end of the third resistor being coupled to the second end
of the fourth transistor, and the second end of the third
resistor being coupled to the voltage source;

wherein a resistance of the second resistor and a resistance
of the third resistor are related to a resistance of the first
resistor.

2. The fixed voltage generating circuit of claim 1, wherein
an equivalent resistance of the second resistor and the third
resistor 1s substantially equal to the resistance of the first
resistor; and a size ratio of the first transistor and the second
transistor 1s 1:1.

3. The fixed voltage generating circuit of claim 1, wherein
a current mirror 1s formed by the first transistor and the second
transistor; and a size ratio of the first transistor and the second
transistor 1s 1:N or N:1, wherein N 1s a positive integer.

4. The fixed voltage generating circuit of claim 1 further
comprising n diodes coupled between the voltage source and
the control end of the first transistor; wherein n 1s a positive
integer.

5. The fixed voltage generating circuit of claim 4, wherein
the diodes are junction diodes, field effect transistors, or
bipolar junction transistors.

6. The fixed voltage generating circuit of claim 1, wherein
the fixed voltage generating circuit 1s formed by a GaAs
(GALLIUM ARSENIDE) process.

7. A fixed voltage generating circuit comprising;:

a first resistor having a first end and a second end, the
second end of the first resistor being coupled to a voltage
SOUICe;

a first transistor having a first end, a second end, and a
control end, the control end of the first transistor being
coupled to the first end of the first resistor, the first end of
the first transistor being coupled to a ground node, and
the second end of the first transistor being coupled to the
control end of the first transistor;

a second transistor having a first end, a second end, and a
control end, the control end of the second transistor
being coupled to the control end of the first transistor,
and the first end of the second transistor being coupled to
the ground node;

a third transistor having a first end, a second end, and a
control end, the control end of the third transistor being
configured to recerve a first differential voltage, and the
first end of the third transistor being coupled to the
second end of the second transistor;

a fourth transistor having a first end, a second end, and a
control end, the control end of the fourth transistor being
configured to recerve a second differential voltage, and
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the first end of the fourth transistor being coupled to the
second end of the second transistor;

a second resistor having a first end and a second end, the
first end of the second resistor being coupled to the
second end of the third transistor;

a third resistor having a first end and a second end, the first
end of the third resistor being coupled to the second end
of the fourth transistor; and

a fourth resistor having a first end and a second end, the first
end of the fourth resistor being coupled to the second end
of the second resistor and the second end of the third
resistor, and the second end of the fourth resistor being
coupled to the voltage source;

wherein a resistance of the second resistor, a resistance of

the third resistor, and a resistance of the fourth resistor
are related to a resistance of the first resistor.

8. The fixed voltage generating circuit of claim 7, wherein
an equivalent resistance of the second resistor, the third resis-
tor, and the fourth resistor 1s substantially equal to the resis-
tance of the first resistor; and a size ratio of the first transistor
and the second transistor 1s 1:1.

9. The fixed voltage generating circuit of claim 7, wherein
a current mirror 1s formed by the first transistor and the second
transistor; and a size ratio of the first transistor and the second
transistor 1s 1:N or N:1, wherein N 1s a positive integer.

10. The fixed voltage generating circuit of claim 7 further
comprising n diodes coupled between the voltage source and
the control end of the first transistor; wherein n 1s a positive
integer.

11. The fixed voltage generating circuit of claim 10,
wherein the diodes are junction diodes, field effect transis-
tors, or bipolar junction transistors.

12. The fixed voltage generating circuit of claim 7, wherein
the fixed voltage generating circuit 1s formed by a GaAs
(GALLIUM ARSENIDE) process.

13. The fixed voltage generating circuit of claim 7 further
comprising;

a fifth resistor coupled between the first end of the third
transistor and the second end of the second transistor;
and

a sixth resistor coupled between the first end of the fourth
transistor and the second end of the second transistor.

14. The fixed voltage generating circuit of claim 13 further
comprising n diodes coupled between the voltage source and
the control end of the first transistor; wherein n 1s a positive
integer.

15. A fixed voltage generating circuit comprising:

a first resistor having a first end and a second end, the
second end of the first resistor being coupled to a voltage
source;

a first transistor having a first end, a second end, and a
control end, the control end of the first transistor being
coupled to the first end of the first resistor, the first end of
the first transistor being coupled to a ground node, and
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the second end of the first transistor being coupled to the
control end of the first transistor;

a second transistor having a first end, a second end, and a
control end, the control end of the second transistor
being coupled to the control end of the first transistor,
and the first end of the second transistor being coupled to
the ground node;

a third transistor having a first end, a second end, and a
control end, the control end of the third transistor being
configured to recerve a first differential voltage;

a fourth transistor having a first end, a second end, and a
control end, the control end of the fourth transistor being
configured to recerve a second differential voltage;

a second resistor having a first end and a second end, the
first end of the second resistor being coupled to the
second end of the third transistor, and the second end of
the second resistor being coupled to the voltage source;

a third resistor having a first end and a second end, the first
end of the third resistor being coupled to the second end
of the fourth transistor, and the second end of the third
resistor being coupled to the voltage source;

a fifth resistor having a first end and a second end, the first
end of the fifth resistor being coupled to the second end
of the second transistor, and the second end of the fifth
resistor being coupled to the first end of the third tran-
sistor; and

a sixth resistor having a first end and a second end, the first
end of the sixth resistor being coupled to the second end
of the second transistor, and the second end of the sixth
resistor being coupled to the first end of the fourth tran-
sistor:;

wherein a resistance of the second resistor and a resistance
of the third resistor are related to a resistance of the first
resistor.

16. The fixed voltage generating circuit of claim 135,
wherein an equivalent resistance of the second resistor and
the third resistor 1s substantially equal to the resistance of the
first resistor; and a size ratio of the first transistor and the
second transistor 1s 1:1.

17. The fixed voltage generating circuit of claim 135,
wherein a current mirror 1s formed by the first transistor and
the second transistor; and a size ratio of the first transistor and
the second transistor 1s 1:N or N:1, wherein N 1s a positive
integer.

18. The fixed voltage generating circuit of claim 15 further
comprising n diodes coupled between the voltage source and
the control end of the first transistor; wherein n 1s a positive
integer.

19. The fixed voltage generating circuit of claim 18,
wherein the diodes are junction diodes, field effect transis-
tors, or bipolar junction transistors.

20. The fixed voltage generating circuit of claim 15,

wherein the fixed voltage generating circuit 1s formed by a
GaAs (GALLIUM ARSENIDE) process.
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